The HUNT Study includes large total population-based cohorts from the 1980ies, covering 125 000 Norwegian participants; HUNT1 , HUNT2 (1995-97) and HUNT3 (2006-08). The study was primarily set up to address arterial hypertension, diabetes, screening of tuberculosis, and quality of life. However, the scope has expanded over time. In the latest survey a state of the art biobank was established, with availability of biomaterial for decades ahead. The three population based surveys now contribute to important knowledge regarding health related lifestyle, prevalence and incidence of somatic and mental illness and disease, health determinants, and associations between disease phenotypes and genotypes. Every citizen of Nord-Trøndelag County in Norway being 20 years or older, have been invited to all the surveys for adults. Participants may be linked in families and followed up longitudinally between the surveys and in several national health-and other registers covering the total population. The HUNT Study includes data from questionnaires, interviews, clinical measurements and biological samples (blood and urine). The questionnaires included questions on socioeconomic conditions, health related behaviours, symptoms, illnesses and diseases. Data from the HUNT Study are available for researchers who satisfy some basic requirements (www.ntnu.edu/hunt), whether affiliated in Norway or abroad.
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The HUNT Study includes large total population-based cohorts from the 1980ies, covering 125 000 Norwegian participants; HUNT1 (1984-86), HUNT2 (1995-97) and HUNT3 (2006-08). The study was primarily set up to address arterial hypertension, diabetes, screening of tuberculosis, and quality of life. However, the scope has expanded over time. In the latest survey a state of the art biobank was established, with availability of biomaterial for decades ahead. The three population based surveys now contribute to important knowledge regarding health related lifestyle, prevalence and incidence of somatic and mental illness and disease, health determinants, and associations between disease phenotypes and genotypes. Every citizen of Nord-Trøndelag County in Norway being 20 years or older, have been invited to all the surveys for adults. Participants may be linked in families and followed up longitudinally between the surveys and in several national health-and other registers covering the total population. The HUNT Study includes data from questionnaires, interviews, clinical measurements and biological samples (blood and urine). The questionnaires included questions on socioeconomic conditions, health related behaviours, symptoms, illnesses and diseases. Data from the HUNT Study are available for researchers who satisfy some basic requirements (www.ntnu.edu/hunt), whether affiliated in Norway or abroad.
Why was the cohort set up?
The HUNT Study (an acronym for the Norwegian name: Helseundersøkelsen i Nord-Trøndelag) constitutes a large population database for medical and healthrelated research. So far three health surveys of the general adult population in the Nord-Trøndelag County, Norway ( Figure 1 ) have been completed, HUNT1 in 1984-86, 1 HUNT2 in 1995-97, 2 and HUNT3 in 2006-08. At the time of HUNT2 and HUNT3, adolescents aged 13-19 years were invited to the Young-HUNT Study, which has a partly overlapping scientific programme, but this study will be presented in a separate publication in preparation (TL Holmen, personal communication, 18 May 2012).
HUNT1 was primarily designed to address arterial hypertension, diabetes, chest X-ray screening of tuberculosis and quality of life. The scope of the HUNT Study has expanded over time and contributed to important knowledge regarding health-related lifestyle, prevalence and incidence of illness and disease, health determinants and associations between disease phenotypes and genotypes. HUNT has largely been publicly funded. HUNT3 was mainly funded by the Norwegian Ministry of Health, NTNU, the Norwegian Research Council (the FUGE programme), Central Norway Regional Health Authority, the Nord-Trøndelag County Council and the Norwegian Institute of Public Health. Funding also has been given by commercial enterprises such as Statoil, Sparebank1 Midt-Norge, Nord-Trøndelag Elektrisitetsverk, Gjensidigestiftelsen, AstraZeneca and GlaxoSmithKline. Several other contributors supported sub-studies. In total, the core HUNT3 study had a cost of $120 million NOK (16 million Euro).
Who is in the cohort? Setting
Norway is a Northern European country characterized as a social democratic welfare state, with generous universal public health insurance coverage, and predominately public health services. 3 The average life expectancy (2009) is 83 years in women and 79 in men. Nord-Trøndelag constitutes one of 19 counties, geographically situated in the central part of the country. The population size was relatively stable between HUNT1 (125 835 in 1981) and HUNT3 (128 694 in 2006), and except for young adults, the in-and out-migration has been low. In all the HUNT surveys, the data were collected in each of the 24 municipalities in the county by using temporarily located health examination sites staffed by certified fieldwork teams ( Figure 1 ). This article presents the adult part of HUNT, mainly focusing on the HUNT3 Survey ( Table 1) . The HUNT1 and HUNT2 surveys have been described in detail previously. Table 1 ) were applied. Participants with findings indicating pathology were advised to see their family doctor. 1 The design applied in HUNT1 was largely repeated in HUNT2 and HUNT3.
The HUNT2 cohort aged 20þ years (established 1995-97) HUNT2 constituted both a new cross-sectional survey and a follow-up of HUNT1. 2 The scientific programme was extended to include several large public health issues in accordance with current national health priorities. These were cardiovascular disease (CVD), diabetes, obstructive lung disease, osteoporosis, headache, mental health, chronic musculoskeletal pain and urinary incontinence. In addition to questionnaires, interviews and clinical examinations, the participants contributed with blood samples for instant analysis and storage. A total of 65 237 participated in HUNT2 (69.5% of those invited). Invitation procedure and information to participants Invitation files for the HUNT surveys were created from monthly updated national census data. The 
Participation in HUNT3
As the health surveys include several study parts, from filling in Q1 to a number of additional clinical tests and interviews, the response and non-response associated with each study part may differ depending on the invitation criteria that were used. In Table 2 , participation in HUNT3 is defined as having at least filled in Q1. Despite the use of monthly updated national census data, 2239 of the 96 099 citizens were dead or had moved out of the county when the fieldwork team arrived, making a total of 93 860 adults eligible for participation. Out of these 50 807 participated (54.1%).
The participation rate declined from HUNT1 to HUNT3 as in most other population-based studies. 4 In all three surveys, more women than men participated, and the highest participation was in the middle aged and the elderly (50-79) with lower participation in the oldest (80þ) and in age groups under 40. In HUNT3 the highest participation rate was in age group 60-69, 74.5% for women and 67.7% for men. Men aged 20-29 had the lowest participation rate (25.7%).
How often have the population been followed up?
The HUNT surveys have been completed at 11-year intervals, enabling cross-sectional and trend studies as well as cohort and other longitudinal study designs (Figure 2 ). 5 In several sub-studies, selected participants have been invited for follow-up studies between the main waves, e.g. the lung study, diabetes study, osteoporosis study and chronic pain studies.
Linkage to registers covering all participants
Data from all HUNT participants may be linked to several local, regional or national registers through the unique Norwegian 11-digit personal identification number. Linking data is carried out in each project and not centralized to the HUNT Research Centre. Health registers (e.g on forearm and hip fractures, myocardial infarction, stroke, dementia) have been established based on hospital or nursing home files within the region, whereas the national registers cover the total Norwegian population.
The most important registers are the Medical Birth Register of Norway, 6 the Cancer Register of Norway, 7 the Cause of Death Register, [8] [9] [10] [11] Norwegian Prescription Database, 12 Statistics Norway's events database (FD-Trygd) covering all types of social security benefits, 13 the National Education Database, 14 Income statistics for persons and families, 15 the Family Register linking participants in families 16 and local hospital disease registers. 17, 18 Loss to follow-up between the HUNT surveys Regarding attrition between the HUNT2 and HUNT3 surveys, the participation rate in HUNT3 decreased by 15.4 percentage points. The decrease was most pronounced in men and younger adults. Among 65 237 participants in HUNT2, 10 507 (16.1%) had died at the time of HUNT3, 240 had emigrated and 1 had disappeared. Out of all HUNT2 participants, 72% of women and 69% of men also participated in HUNT3. People aged 50-59 years in HUNT2 were most compliant in that 74.1% participated in HUNT3. Among HUNT2 participants aged 20-29 years, 46.4% participated in HUNT3, whereas 21.1% had moved out of the county. (Table 3) . Non-participation studies A comprehensive non-responder study was completed after HUNT1. 1 In HUNT2, shortly after completing the fieldwork, a 2.5% random sample of non-attendants was selected (n ¼ 685) for a non-participation study. 2 These studies showed that the main reasons for non-attendance for people aged 20-44 years was lack of time and staying outside the county. In the age group 45-69, the main reasons were being very busy, forgetting the invitation or not being interested. For people aged 70þ, the main reasons were having regular follow-up in the health services or being immobilized due to disease. For the HUNT3 Survey, different non-participation analyses have been completed. These will soon be presented in an article in preparation (A Langhammer, personal communication, 18 May 2012). A comparison between participants answering Q1 and respondents only answering a non-participation questionnaire distributed to all non-participants, a comparison between participants and non-participants in national registers and a comparison of respondents with data from randomly selected general practices. The analyses showed that among non-participants, the prevalences of CVDs, diabetes mellitus and psychiatric disorders were higher both in non-participant data and data extracted from general practice, compared with that reported by participants. According to the register data, the non-participants had lower socio-economic status and a higher mortality than participants. Thus, depending on the question under research, possible selection bias should be taken into consideration.
What has been measured?
Questionnaires in HUNT3 (Table 4) Q1 was a self-report questionnaire filled in at home before the respondents attended the basic health examination. After the clinical examination, a second questionnaire (Q2) with a common major part and a specific sex and age (20-29, 30-69, 70þ years) part was handed out to everyone. Further, a third category of questionnaires (Q3) was given to individuals with selected diseases or other sub-groups according to particular responses given in Q1 (Table 4) . Up to three different Q3s were handed out to each participant. Q2 and Q3 were to be completed at home and returned by mail in a pre-paid envelope. About 80% of the participants returned Q2/Q3. These questionnaires included questions about socio-economic conditions, health-related behaviours, symptoms, illnesses and diseases.
Interviews
All participants answered an interview at the health examination sites. Employed people were asked for occupational titles, business sectors and exposures to occupational hazards. Additionally, women were interviewed about menstruation, pregnancies and breastfeeding.
Clinical measurements
Blood pressure and heart rate were measured using a Dinamap 845XT (Critikon) based on oscillometry. 19 Height and weight were measured with the participants wearing light clothes without shoes: height to the nearest centimetre and weight to the nearest half kilogram. Waist and hip circumferences were measured with a band to the nearest centimetre, with the participant standing and with the arms hanging relaxed. The waist circumference was measured horizontally at the height of the umbilicus, and the hip circumference was measured likewise at the thickest part of the hip.
Blood and urine sampling, biobanking Biological material was collected at the health examination stations and transported daily by courier to the biobank. Blood sampling followed a strict quality protocol, collecting serum, plasma, buffy coat, immortalized cells for cell line production, specialized tubes for trace metal/elements analysis and RNA tubes. Urine was collected when possible, and frozen immediately. Procedures have been established for (i) blood fractionation and distribution into 2-D bar coded cryo tubes, (ii) DNA isolation and normalization and (iii) storage and retrieval of 1 million DNA samples operating at À208C. Samples are also stored at À808C in manual ultra-freezers and in the vapour phase of liquid nitrogen. Details will be described in a separate paper (K Hveem, personal communication, 18 May 2012).
Sub-studies collecting clinical data
In several sub-studies (Table 5) , selected participants were invited for additional examinations, like certain age groups, disease-and sex-specific groups or participants restricted to certain municipalities, 20-23 whereas in some sub-studies randomized samples were invited. Data from these sub-studies, which were run and funded separately, are integrated in the HUNT databank and made available for researchers after a 4-5 years protection period of exclusive rights for the researchers responsible for each of the sub-studies.
What has it found? Key findings and publications
About 600 scientific papers and 78 PhDs based on the data from HUNT, covering a wide range of scientific disciplines, have been published up to May 2012. Data from HUNT1 showed either population-based screening for detecting hypertension 24 or lung X-ray No participant was requested to fill in more than three different Q3s. Priority was given to Q3s for diabetes, CVD and cancer; thus a few participants with several diseases were excluded from the other Q3s.
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screening for detecting tuberculosis to be cost effective (data not published). Further, in healthy individuals, quality of life was not affected by receiving the message that they had hypertension. 25 A number of HUNT studies have been published in high impact journals. Both data and biological material have been used in international collaborative projects revealing previously unknown genetic susceptibility for common diseases such as cancers 26, 27 and type 2 diabetes. 28 The risk of urinary incontinence was shown to be higher among women who have had caesarean sections than among nulliparous women, and even higher among women who have had vaginal deliveries. 6 HUNT publications have raised important questions about the applicability of international guidelines for prevention of CVDs. 29 If guideline recommendations were meticulously applied, as many as 84% of all adults in Norway could exhibit two or more CVDs or risk factors and thus be considered in need of individual clinical attention, raising several practical as well as ethical questions. 30 Data from HUNT1 and HUNT2 showed a significant increase of obesity and diabetes in the population. 31 More surprisingly, data from HUNT2 showed no association between hypothyroidism and depression and anxiety 32 and that high blood pressure was not associated with headache. 33 Moreover, despite the belief in healthy effects of cod liver oil intake, there was a negative dose-response effect between childhood intake and adult bone density. 34 HUNT data have also questioned seasonal variation of insomnia symptoms 35 as well as gender differences in prevalence of depression. 36 Data have showed that commonly used prediction equations for spirometry underestimate normal lung function 37 and that use of inhaled corticosteroids for obstructive lung disease was associated with increased bone loss at the forearm, but should nevertheless not give any clinical concerns as to unwanted effects on bone. 38 Social epidemiological studies have shown that socio-economic inequalities in health in the HUNT population are comparable with those of other Northern European populations, 39 and have disentangled mechanisms behind socio-economic inequalities in mortality 15 and the high impact of social factors on work-related disability. 13 The HUNT Study has also contributed to important ethical discussions regarding population based epidemiological studies. 40, 41 A complete list of publications can be found on HUNT website (www.ntnu.edu/hunt).
What are the main strengths and weaknesses?
The HUNT Study has several strengths: It covers a total population aged 20-100 years within a specific geographical area, including coastal and inland municipalities with different characteristics. HUNT has a wide age range, thereby covering groups of people with different cohort exposures. Data in each survey have been collected over a 2-year period, enabling studies of seasonal variations in health. 35 HUNT databank includes data on an extensive range of topics (45000 variables). Another obvious strength is that all data are linked to the unique personal identification number enabling linkage of data for each individual, and linkage to a number of local, regional and national health registers, with nearly complete follow-up data. The participation rate was exceptionally high in HUNT1 and very good or acceptable in most age groups in HUNT2 and HUNT3. HUNT3 was a 22-year follow-up of HUNT1 and 11-year follow-up of HUNT2 with a carefully considered combination of identical or similar questions and assessments and new topics.
In HUNT3, a state-of-the-art biobank was established, with storage facilities that ensure availability of the biomaterial for research decades ahead. The inclusion of adolescents aged 13-19 years (Young-HUNT) since 1995, as well as the linkage to the Family Register, makes it possible to establish family trees including three generations for a large number of participants.
About 10% of the participants in the HUNT3 Survey were recommended a clinical check-up with their family doctor. Presumably, most of the participants benefited from this health intervention. On the other hand, health examinations might contribute to dilemmas associated with screening, such as risk focusing, false positive/negative identification and medicalization. 42 However, the Regional Committee for Medical and Health Research Ethics agreed with the HUNT3 management group that the benefits and opportunities in the HUNT Study far exceeded the potential disadvantages for some individual participants.
Epidemiological observational studies are a minor ethical challenge compared with human experiments. During the 27 years of HUNT follow-up management, there has been no report of threats to personal protection or privacy regarding the HUNT Study. Nevertheless, the Norwegian legislation and the case considerations by the public authorities have been constantly changing, complicated and time-consuming for researchers. 43 A new Norwegian Health Research Law that became operative on 1 July, 2009 simplified the use of (strictly defined) health registers, making only one public authority, the Regional Committee for Medical and Health Research Ethics, responsible for project approvals. However, when researchers need to link data to non-health public registers, like registers for social security benefits, family linkage, income and education, the approval procedures are still complicated.
Over the past 27 years, 153 545 subjects (including adolescents) have been invited to the HUNT surveys. Data are available from 126 159 participants (82%) with a total of over 5000 variables. HUNT3, adding a large amount of new data to the database, rendered new data storage facilities necessary. A relational database has been developed where data and meta-data are integrated, facilitating consistency, integrity and improved quality assurance. During this process, old and new data have been quality assured, and variable-specific information stored in metadata. Further, all variables have been given names consisting of a prefix, which consists of question and measurement abbreviations, and a suffix indicating the source of data (as HUNT Study, study part, type of data question/interview/measurement/administrative) and whether the data were original or constructed. The metadata include information about previous use of the variable, pivotal references and whether what is part of validated questionnaires or specifications of equipment used. The quality assurance of data and inclusion of metadata will continue in the coming years.
Can I get hold of the data? Where can I find out more?
Data from the HUNT Study are available for researchers who satisfy some basic requirements (www.ntnu.edu/ hunt) whether affiliated in Norway or abroad. To provide the researcher or research group exclusive rights, the HUNT Research Centre signs a contract with the research institution in charge. The exclusive rights are connected to a specific publication plan based on an application form, a scientific protocol, an ethical approval, other necessary approvals (if any) and a variable specification list.
More details about the contents of the questionnaires and clinical measurements can be found on our website (www.ntnu.edu/hunt).
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KEY MESSAGES
Among a range of outcomes, the HUNT Study has found the following A strong increase of obesity and diabetes has been observed in the Norwegian population since the 1980s. Previously unknown genetic susceptibility not only for diabetes but also for cancers and other common diseases has been revealed.
HUNT data have showed that lung X-ray screening for detecting tuberculosis is as ineffective and that commonly used prediction equations for spirometry underestimate normal lung function.
Population-based screening for detecting hypertension was found to be ineffective in the 1980s. Publications have also raised important questions about the applicability of international guidelines for prevention of CVDs and contributed to important ethical discussions regarding population-based epidemiological studies.
HUNT data have shown the great impact of social factors on health and work-related disability and that the socio-economic inequalities in health in the HUNT population are comparable with those of other Northern European populations.
Up to May 2012, $600 scientific papers and 78 PhDs based on data from the HUNT Study have been published, covering a wide range of scientific disciplines.
